Urodeles, including European newts, are usually sexually dimorphic predators. Among newts, the alpine newt has the most pronounced sexual size dimorphism (in favour of females). Gender is a factor that is often associated with intra-specific diet differences. Despite the significant number of dietary studies on the alpine newt, some topics such as the breadth of the trophic niche and its overlap between sexes, or inter-sexual differences in qualitative and quantitative composition of prey remain unresolved. The present study dealing with these questions was conducted at two localities (ponds at an elevation of about 450 m) in the Czech Republic. Newts were captured from the banks during the entire breeding season using a dip net, and the stomach contents were extracted using a stomach flushing technique. Altogether 190 individuals were sampled, and a total of 1,417 prey items were obtained. The available food sources differed over the course of the breeding season, as newts changed the taxa they preyed on. This reflects the ability of newts to switch between several hunting strategies. The overall food niche overlap between the sexes was relatively large (C = 0.761, resp. C = 0.797). Inter-sexual differences were detected at both localities, mainly in the number of prey items consumed from the most important prey categories such as Rana eggs or Isopoda, which were consumed in higher numbers by females. The findings of this study suggest that females are more sensitive to the trade-off between energy intake and expenditure during the breeding season.
INTRODUCTION
For many predators, including amphibians, our understanding of what is eaten, how the diet is influenced by foraging behaviour, and the consequences of the diet and foraging in relation to body condition is limited. This is partly due to the fact that predator diets are influenced by individual factors such as age, size or sex, and simultaneously by factors of their environment such as prey size, diversity and abundance, the last two of which are often difficult to measure (Beck et al., 2007) .
Sexual size dimorphism is an intrinsic factor that is often associated with intra-specific diet differences (Shetty & Shine, 2002; Blackenhorn, 2005; ZalewSki, 2007) . In turn, inter-sexual resource partitioning can itself directly lead to sexual size dimorphism (Shine, 1989; krüger, 2005) .
Sexual size dimorphism has also been reported for European newts, and among them the one with the most pronounced sexual size dimorphism is the alpine newt (Ichthyosaura alpestris) where females are significantly larger than males (Denoël et al., 2009) . The alpine newts have a multiphasic life cycle -seasonally changing between aquatic and terrestrial environments. During their aquatic phase they reproduce (griffithS, 1996) . Newts concentrate in lentic waters at higher densities than they do in the terrestrial environment, and catching them in water is easier (hoeck & garner, 2007) . Therefore, most studies of newt ecology, including feeding ecology, are realized during their breeding period. When living syntopically Alpine newts stay in the water for a shorter time than other species (covaciu-Marcov et al., 2010) .
Newts are able to hunt prey just as effectively on land as in the water (heiSS et al., 2013) . The availability and consequent importance of prey items is specific according to the locality (e.g. rulík, 1993; Denoël & anDreone, 2003) . Densities and composition of prey are not stable over the season and can vary significantly over the course of the breeding period (SchabetSberger & JerSabek, 1995; Denoël & DeMarS, 2008) . It is therefore important to examine the entire breeding period to obtain a complete picture of newt prey composition.
In previous studies on the diet of alpine newts in the Czech Republic, we dealt with non-prey items (kopecký et al., 2011) , scaling of prey between the sexes during the breeding season (kopecký et al., 2012a) and with the composition of the diet during spring migration (kopecký, accepted) . The present study uses the same dataset as previously published studies, and by highlighting two so-far neglected topicsprey change and dietary overlap of the sexescompletes a picture of the alpine newt's diet. Therefore aims of this paper are to i) analyse the breadth of the trophic niche and its overlap between the sexes; ii) determine inter-sexual differences in amount of consumed prey from various taxa; and iii) detect changes of consumed prey over time.
MATERIAL AND METHODS
The study was conducted at two localities in the Czech Republic near the town of Ledeč nad Sázavou. Both sites lie at an elevation of about 450 m. The first, hereafter referred to as locality A (49°42'45" N, 15°16'50" E), is a fishless pond with a surface area of 36.0 m² and a maximum depth of 0.8 m. The pond's banks are planted with willows (Salix sp.), and the pond is surrounded by a pasture. The bottom is muddy, and vegetation in the water is scant, consisting mainly of common duckweed (Lemna minor), startwort (Callitriche verna) and compact rush (Juncus conglomeratus). The pond is artificial, its original purpose being to drain water from surrounding pastures. The water's pH values ranged from 6.5 to 7.0 during the study.
The second locality, designated as locality B (49°44'24" N, 15°16'59" E), is a now-fishless pond that was historically used for fish rearing. Pond B is situated in a spruce forest. It has a surface area of 27.5 m² and maximum depth of 0.3 m. The pond's bottom is muddy. Water plants, consisting mainly of common waterweed (Elodae canadensis), startwort (Callitriche verna) and reed mannagrass (Glyceria aquatica), cover a large part of the pond's surface area. During the study, pH values were around 5.5.
Alpine newts are the dominant amphibian species at both localities, where a small number of smooth newts (Lissotriton vulgaris) and common frogs (Rana temporaria) also regularly reproduce. Adult alpine newts were caught during the entire breeding season from the banks using a dip net. Sampling was done during daylight hours: once in April, once in May and once in June 1997. The newts were kept in a container filled with water from the pond and marked (heyer et al., 1994) by toe-clipping (ferner, 1979) . To avoid data dependence (luiSelli et al., 2007) , only the newts captured for the first time were used in the study. Stomach contents were extracted using the stomach flushing technique described by opatrný (1980). The newts were not anaesthetized and were released back into the water immediately after these procedures.
The stomach contents were individually stored in vials and preserved in 4% formaldehyde. Prey items were identified using a stereo microscope. Due to the technical impossibility of weighing all the prey items obtained (1417), only representative samples of each taxa (cca 15% from all prey items) were weighed. Obtained weights were verified by previously published work (opatrný, 1968). Based on this approach four biomass categories were defined: 0.001 g for Megaloptera-larvae, Cladocera, Cyclopoida, Turbellaria; 0.01 g for Chironomidae-larvae, Chironomidae-pupae, Culicidae-pupae, Bivalvia, Gastropoda, Dytiscidae-larvae; 0.1 g for Ephemeroptera-larvae, Ephemeropterapupae, Lepidoptera-larvae, Plecoptera-larvae, Trichoptera-larvae, Arachnida, Isopoda, Ranaeggs, and 1 g for Lumbricus.
The index of relative importance (IRI) and IRI% for each taxon (i) were computed following Mariano-Jelicich et al. (2007) as:
where f% is the percentage of newts containing a particular taxon ( i ), n% is the percentage of prey items of a particular taxon ( i ) out of all prey items, and m% is the percentage of biomass provided by a particular taxon ( i ) out of the estimated total biomass consumed.
Trophic niche overlap using Schoener index (krebS, 1998) was calculated as: C = 1 -0.5 (Σ i | p xi -p yi |), where p xi is the proportion of taxon ( i ) in sex ( x ) and p yi is the proportion of taxon ( i ) in sex ( y ).
Food niche breadth was calculated by Levins' index (krebS, 1998) as: B A = (B − 1) / (n − 1), where B A is the standardized Levins' index by the number of available items n:
Mann-Whitney U-tests were used for comparing number of consumed prey items between sexes. Calculations were performed in Statitistica 12 software (Statsoft 2012) . Statistical significance was determined at the level α = 0.05.
RESULTS
During the three study months, a total of 190 newts were sampled (locality A: 47 males, 50 females; locality B: 54 males, 39 females), from which a total of 1,417 prey items were obtained.
Based on pooled sample data (sexes and months together) the most consumed prey based on IRI% were Cladocera at locality A and Isopoda at locality B. The importance of food resources was not stable during the breeding season, and shifts among prey categories were considerable (Fig. 1) .
The total number of prey items eaten throughout the season from a particular taxon was, with some exceptions, the same for males and females at locality A (Table 1) , just as it was at locality B (Table 2) The overall food niche overlap of sexes (based on n%) was quite large at locality A (C = 0.761) as well as at locality B (C = 0.797). Niche overlap was relatively stable throughout the breeding season at locality B (April, C = 0.895; May, C = 0.833; June, C = 0.868), while at locality A there was an apparent increase in overlap in June (April, C = 0.624; May, C = 0.678; June, C = 0.896).
Levin's niche breadth changed during the breeding season. At locality A niche breadth was widest at the start of the season (in April) for both sexes, whereas at locality B the opposite was true and breadth was widest in June (Table 3) . (Denoël & anDreone, 2003; Denoël & DeMarS, 2008) are reported as the prey types most consumed. In the populations of the Czech Republic, important alpine newt prey include Lumbricus, Cladocera, Isopoda, Rana eggs and Ostracoda (Rulík, 1993; kopecký et al., 2014) .
DISCUSSION
The qualitative composition of prey items and their importance in the different sexes is constant within the species; in other words, males and females consume generally the same prey categories. Even Lumbricus, which was the largest prey type in our samples, was consumed by both sexes, regardless of the fact that females were about 15 % larger than the males at both localities (kopecký et al., 2012a) .
Generally, female alpine newts consumed more prey items than males during the breeding period (kopecký et al., 2012a) . This was especially obvious for prey categories with the highest importance at the particular localities -Rana eggs at locality A and Isopoda at locality B. Females also had a narrower niche breadth at both localities and during the whole aquatic season. Both these findings suggest that females are more sensitive to the trade-off between energy intake (from prey) and expenditure (spent while searching and hunting for prey). The metabolic cost of reproduction is probably higher for female alpine newts than for males, as was discovered in the case of ambystomatid salamaders (finkler & culluM , 2002) .
Trophic niche separation can be achieved by selection of different microhabitats, food resource partitioning or temporal segregation (Schoener 1974) . Temporal segregation was not found in the species studied (Martin et al., 1989) , both sexes exhibited diel flexibility in hunting activities (Joly & giacoMa, 1992) . Using different microhabitats is often described as a mechanism for the coexistence of different newt species of various sizes at the same locality (Joly & giacoMa, 1992; covaciu-Marcov et al., 2010) . On a subtle scale, intersexual resource partitioning is probably the key mechanism of niche separation (yaMaguchi et al., 2003) . Intersexual resource partitioning is comparable with coexistence and feeding habits of paedomorphs and metamorphs of the same newt species, especially in shallow ponds (Denoël & anDreone, 2003; vignoli et al., 2007) . The relatively high prey niche overlap of sexes (as observed in this study) is explained as the consequence of high abundance and high availability of potential prey in an environment that obscures the competition relationship (griffithS, 1987) . Due to absence of data about prey availability at the both localities studied, it is also possible that the diversity of preyed taxa was not sufficient to reveal general difference in prey selectivity of the sexes.
At locality B the trophic niche overlap was stable and high over the three months, while at locality A it was generally lower, especially during April and May. The diversity of taxa consumable by newts was probably higher at locality A where newts caught prey from 18 taxa, while at locality B prey were consumed from only 14 taxa. There was a comparatively high prey niche overlap in June, especially at locality A where both sexes consumed Cladocera almost exclusively.
Newts are traditionally recognized as generalist predators (faSola & canova, 1992) . Generalists are characterized by having a niche breadth higher than 0.5 (Macarthur & levinS, 1967) . At both localities studied, niche breadth during each of the months was lower than 0.5. As is evident from changes in prey importance, newts opportunistically shift among preyed taxon, that is, utilize the most accessible prey in a given period. For example, the abundance of immobile and biomass-dense Rana eggs, as one of main categories at both localities under study, decreased as the reproductive season advanced. Conversely, at the end of the newt's reproductive period, newts ate more but smaller prey items, which appeared abundantly in ponds -mainly small crustaceans (this study) or aphids that fell on the water surface, as was found in a population from the Italian Alps (vignoli et al., 2007) .
The occurrence of the prey taxa is connected with the specific and diverse microhabitats in ponds (water surface, water column, aquatic plants, muddy bottom, etc.) (Denoël & Joly, 2001) , so newts must be able to switch between several hunting strategies and capture modes. Although there is no direct evidence from field studies, newts may search for food on land even during the breeding season, for example during movements between reproductive ponds (kopecký et al., 2010; kopecký et al., 2012b) . Despite extensive morphological and physiological changes, newts can capture prey in the terrestrial environment due to behavioural plasticity, which compensates for the morphological constraints imposed by this water-terrestrial transition (heiSS et al., 2013) . Hence niche breadth changes considerably during the breeding phase of newts.
